Recently, a paper in EcoHealth by Pérez-Flores et al. (2017) on the risk of human leptospirosis from Mexican crocodiles caught my attention because it involves an interesting and poorly studied subject: the role of reptiles as reservoirs of leptospirosis and their risks for public health. My goal here is not to disagree with the authors' statements, but to contribute to the discussion on this topic and consider other publications that have presented similar results. This brief contribution focuses mainly on the importance of the Microscopic Agglutination Test (MAT) to predict the reservoir status of reptiles.
A great number of mammal species can harbor leptospires in their tissues. For a long time researchers have wondered whether reptiles can also carry leptospires, and some studies conducted decades ago have shown evidence of this hypothesis (Glosser et al. 1975) . Surprisingly, little research on this subject was performed since then. The few studies in the literature are usually limited to low sample size and serological tests. Thus, leptospirosis in reptiles still remains an unexplored field, besides the great relevance of the disease and the high biodiversity of this animal group.
MAT is the the standard serological test for leptospirosis and has been the most employed in studies with reptiles, but what conclusions may we draw from this test? A common mistake I have often observed in the literature is that MAT positivity ''suggests that reptiles may play a role as reservoir of leptospirosis''. In my opinion, such conclusion is usually precipitated. MAT indicates the presence of antibodies against leptospires, thus, it suggests the level of exposure against this pathogen-without necessarily the development of chronic infection, which is a necessary condition that defines a reservoir of leptospirosis. My statement is based on the scientific literature, which indicates the poor value of MAT as a predictor of chronic infection (Harkin et al. 2003; Lilenbaum et al. 2009; Ellis 2015) . This fact is justified by several intrinsic limitations of MAT, the characteristics of etiological agent and the immune response of infected animals. These aspects have been widely discussed and I recommend the cited literature for detailed information (Levett 2001; Ellis 2015) . I will focus here on why seropositive animals are usually not reservoirs of leptospirosis.
Consider the following conditions in Leptospira infection: low pathogenicity of the infecting strain; low infectious dose; and low specificity between the infected animal species and the Leptospira strain. Such conditions exemplify how animals will not necessarily develop chronic infection but may have anti-Leptospira antibodies-and a positive result in MAT. In the two first cases, a common outcome is the rapid suppression of leptospires by the immune system, without further development of infection. In the third example, an acute infection may progress, characterized by bacteremia, dissemination of leptospires in various tissues and manifestation of disease symptoms. However, the maintenance of bacteria in renal tissue will probably not Published online: May 12, 2017
Correspondence to: Felipe Fornazari, e-mail: ff_vet@yahoo.com.br EcoHealth 14, 203-204, 2017 DOI: 10.1007 /s10393-017-1243 Letter to the Editor Ó 2017 EcoHealth Alliance occur and, consequently, the infected animal cannot be considered a reservoir. This failure to establish a chronic infection is particularly common when leptospires are not adapted to a given host. Still, this latter case usually results in a stronger immune response compared to the other two, with higher and lasting antibodies titers.
Therefore, we should consider that several-and unknown-factors influence the dynamics of Leptospira infection, although only a few examples have been presented here. It is extremely difficult to establish an association between MAT and infection status due to many variables related to bacterial diversity, laboratorial tests and animal species. For instance, high antibody titers in MAT can indicate chronic infection, but the contrary is also true, and animals without evidence of leptospires in kidneys commonly exhibits high antibody levels (Harkin et al. 2003; Fornazari et al. 2012; Vieira et al. 2016) . One of the few consensuses in the literature is that titers equal to or higher than 800 in MAT indicates recent infection. But even this criterion is constantly under discussion and is considered invalid by many researchers. One exception that may contradict my standpoint occurs when high prevalences are obtained for a single serovar. In this case, the reservoir status is more likely. A classic example is the high positivity of Norway rats (Rattus norvegicus) for Icterohaemorrhagiae serovar.
In view of the broad utilization of serological tests on reptiles and the lack of data regarding the pathophysiology of leptospirosis in these animals, I emphasize the need for a careful interpretation of MAT to avoid hasty conclusions. In addition to consistent epidemiological or molecular analysis, we could make deeper inferences on the MAT results. But in the absence of such studies, I consider the reservoir status of reptiles doubtful based only in serological tests.
I truly believe that reptiles can be natural reservoirs of certain Leptospira strains, given the (1) cosmopolitan nature of this bacterium, (2) the close contact of some animals with aquatic biomes, such as crocodilians and chelonians, (3) and the evidence of leptospires in reptiles using direct tests of diagnosis, particularly the polymerase chain reaction (PCR). But, as far as I know, there is still no strong evidence of any reptile species as an important reservoir of leptospirosis, given that the few publications using PCR reported low prevalences (Biscola et al. 2011; Alves Jú nior 2013; Jobbins and Alexander 2015) . A recent study in Brazil presented interesting results on this topic, in which a considerable positivity (16.6%; 11/66) was found in Geoffroy's side-necked turtles (Phrynops geoffroanus) using PCR in cloacal and gastric content (Oliveira et al. 2016) . Similar research including large sample sizes and direct methods of diagnosis is urgently needed to complement current and future serological studies.
